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(57) ABSTRACT 

An in situ cleaning system is disclosed for use with semicon 
ductor processing equipment. In accordance with an impor 
tant aspect of the invention, the cleaning system provides for 
dynamic cleaning of the semiconductor processing system by 
varying the pressure of the cleaning gas over time during a 
cleaning cycle. In particular, the cleaning gas is applied to the 
semiconductor processing system in repeated pressure 
cycles. Each pressure cycle begins with the pressure of the 
cleaning gas at Pty. The pressure of the cleaning gas is 
increased to a maximum pressure Pduring a fill portion of 
the pressure cycle and maintained for a dwell time selected to 
allow the available reactants to generate the desired end prod 
ucts. The pressure in the chamber to be cleaned is then 
reduced during a vent portion of the pressure cycle to permit 
venting of the reaction products. As such, each time the cham 
ber to be filled is vented and re-filled, reaction products are 
removed and new reactants are introduced into the chamberto 
be cleaned, increasing the effective reaction rate. 
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METHOD AND APPARATUS FOR 
EXTENDING EQUIPMENT UPTIME IN ION 

MPLANTATION 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a continuation-in-part of com 
monly owned co-pending U.S. patent application Ser. No. 
10/582,392, filed on Dec. 9, 2004, entitled “Method and 
Apparatus for Extending Equipment Uptime in Ion Implan 
tation', which is a nationalization under 35 USC S 371 of 
PCT Application No. PCT/US04/41525, filed on Dec. 9, 
2004, which claims priority to and the benefit of U.S. Provi 
sional Application No. 60/529,343, filed on Dec. 12, 2003. all 
hereby incorporated by reference. 

BACKGROUND OF THE INVENTION 

0002 1. Field of the Invention 
0003. The present invention relates to in situ cleaning sys 
tem for use with semiconductor processing equipment and 
more particularly to an in situ cleaning system with improved 
cleaning efficacy in which the pressure of the cleaning gas 
within the semiconductor processing system to be cleaned is 
dynamically varied. 
0004 2.0 Description of the Prior Art 
0005 Ion beams are produced from ions extracted from an 
ion source. An ion source typically employs an ionization 
chamber connected to a high Voltage power Supply. The ion 
ization chamber is associated with a source of ionizing 
energy, Such as an arc discharge, energetic electrons from an 
electron-emitting cathode, or a radio frequency or microwave 
antenna, for example. A source of desired ion species is 
introduced into the ionization chamber as a feed material in 
gaseous or vaporized form where it is exposed to the ionizing 
energy. Extraction of resultantions from the chamber through 
an extraction aperture is based on the electric charge of the 
ions. An extraction electrode is situated outside of the ioniza 
tion chamber, aligned with the extraction aperture, and at a 
voltage below that of the ionization chamber. The electrode 
draws the ions out, typically forming anion beam. Depending 
upon desired use, the beam of ions may be mass-analyzed for 
establishing mass and energy purity, accelerated, focused and 
Subjected to Scanning forces. The beam is then transported to 
its point of use, for example into a processing chamber. As the 
result of the precise energy qualities of the ion beam, its ions 
may be implanted with high accuracy at desired depth into 
semiconductor Substrates. 

0006 Alternatively, the semiconductor substrate may be 
held on a stage which is wholly enclosed within a plasma 
forming processing chamber. A negative Voltage is applied to 
the Substrate stage, causing positive ions to be attracted to and 
Subsequently implanted into the Substrate. This technology is 
sometimes referred to as Plasma Doping (PLAD), or Plasma 
Immersion Ion Implantation (PIII). 
0007. The precise qualities of the ion beam, or of the 
plasma forming chamber in the case of PLAD or PIII, can be 
severely affected by condensation and deposit of the feed 
material or of its decomposition products on Surfaces of the 
ion beam-producing system, and in particular Surfaces that 
affectionization, ion extraction and acceleration. Also, if the 
deposits are loosely adhered to those Surfaces, there is a risk 
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that particles will be formed which are deleterious to device 
yield if they propagate to the surface of the substrate. 

Ion Contamination 

0008. In general, ion beams of N-type dopants, such as P 
or AS, should not contain any significant portion of P-type 
dopantions, and ion beams of P-type dopants, such as B or In, 
should not contain any significant portion of N-type dopant 
ions. Otherwise a condition known as "cross-contamination” 
exists and is undesirable. Cross-contamination can occur 
when source feed materials accumulate in the ion source, and 
the source feed material is then changed, for example, when 
first running elemental phosphorus feed material to generate 
an N-type P beam, and then Switching to BF gas to generate 
a P-type BF beam. 
0009. A serious contamination effect occurs when feed 
materials accumulate within the ion Source so that they inter 
fere with the successful operation of the source. Such a con 
dition invariably has called for removal of the ion source and 
the extraction electrode for cleaning or replacement, resulting 
in an extended “down time of the entire ion implantation 
system, and consequent loss of productivity. 
0010 Many ion sources used in ion implanters for device 
wafer manufacturing are “hot” sources, that is, they operate 
by Sustaining an arc discharge and generating a dense plasma; 
the ionization chamber of such a “hot” source can reach an 
operating temperature of 800 C. or higher, in many cases 
Substantially reducing the accumulation of Solid deposits. In 
addition, the use of BF in such sources to generate boron 
containing ion beams further reduces deposits, since in the 
generation of a BF plasma, copious amounts of fluorine ions 
are generated; fluorine can etch the walls of the ion source, 
and in particular, recover deposited boron through the chemi 
cal production of gaseous BF. With other feed materials, 
however, detrimental deposits have formed in hotion sources. 
Examples include antimony (Sb) metal and solid indium (In), 
the ions of which are used for doping silicon Substrates. 
0011 Cold ion sources, for example, the RF bucket-type 
ion Source which uses an immersed RF antenna to excite the 
Source plasma (see, for example, Leung et al., U.S. Pat. No. 
6,094.012, herein incorporated by reference), are used in 
applications where either the design of the ion Source 
includes permanent magnets which must be kept below their 
Curie temperature, or the ion source is designed to use ther 
mally-sensitive feed materials which break down if exposed 
to hot surfaces, or where both of these conditions exist. Cold 
ion sources suffer more from the deposition offeed materials 
than do hot sources. The use of halogenated feed materials for 
producing dopants may help reduce deposits to some extent, 
however, in certain cases, non-halogen feed materials, such as 
hydrides are preferred over halogenated compounds. For 
non-halogen applications, ion Source feed materials such as 
gaseous BH ASH, and PH are used. In some cases, 
elemental As and P are used, in vaporized form. The use of 
these gases and vapors in cold ion sources has resulted in 
significant materials deposition and has required the ion 
Source to be removed and cleaned, sometimes frequently. 
Cold ion sources which use BH and PH are in common use 
today in FPD implantation tools. These ion sources suffer 
from cross-contamination (between N- and P-type dopants) 
and also from particle formation due to the presence of depos 
its. When transported to the substrate, particles negatively 
impact yield. Cross-contamination effects have historically 
forced FPD manufacturers to use dedicated ion implanters, 
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one for N-type ions, and one for P-type ions, which has 
severely affected cost of ownership. 

Borohydrides 

0012 Borohydride materials such as BioHa (decaborane) 
and BH (octadecaborane) have attracted interest as ion 
implantation source materials. Under the right conditions, 
these materials form the ions BoH, BioH, BFI, and 
BH-. When implanted, these ions enable very shallow, 
high dose P-type implants for shallow junction formation in 
CMOS manufacturing. Since these materials are solid at 
room temperature, they must be vaporized and the vapor 
introduced into the ion source for ionization. They are low 
temperature materials (e.g., decaborane melts at 100 C., and 
has a vapor pressure of approximately 0.2 Torr at room tem 
perature; also, decaborane dissociates above 350 C.), and 
hence must be used in a cold ion source. They are fragile 
molecules which are easily dissociated, for example, in hot 
plasma Sources. 

Contamination Issues of Borohydrides 

0013 Boron hydrides, such as decaborane and octade 
caborane, present a severe deposition problem when used to 
produce ion beams, due to their propensity for readily disso 
ciating within the ion source. Use of these materials in Ber 
nas-style arc discharge ion Sources and also in electron-im 
pact (“soft') ionization sources, have confirmed that boron 
containing deposits accumulate within the ion sources at a 
substantial rate. Indeed, up to half of the borohydride vapor 
introduced into the source may stay in the ion source as 
dissociated, condensed material. Eventually, depending on 
the design of the ion Source, the buildup of condensed mate 
rial interferes with the operation of the source and necessi 
tates removal and cleaning of the ion source. 
0014 Contamination of the extraction electrode has also 
been a problem when using these materials. Both direction 
beam Strike and condensed vapor can form layers that 
degrade operation of the ion beam formation optics, since 
these boron-containing layers appear to be electrically insu 
lating. Once an electrically insulating layer is deposited, it 
accumulates electrical charge and creates vacuum discharges, 
or so-called “glitches, upon breakdown. Such instabilities 
affect the precision quality of the ion beam and can contribute 
to the creation of contaminating particles. 
0.015 Cleaning techniques and apparatus for cleaning 
deposits from semiconductor processing equipment are gen 
erally known in the art. Examples of Such systems are dis 
closed, for example, in U.S. Pat. Nos. 5,129,958; 5,354,698: 
5.554,854; and 5.940,724. Such techniques normally involve 
using reactive halogen gases. Such as fluorine F or chlorine 
Cl, which are ionized by a remote plasma source. These 
halogen ions are introduced into the semiconductor process 
ing equipment to clean undesirable deposits on the Surfaces of 
the semiconductor processing equipment by etching. The 
reactant products are vented from the semiconductor process 
ing equipment. The semiconductor processing equipment 
may also be purged, for example, with an inert gas. Such as 
Argon (Ar). 
0016. In situ cleaning systems for semiconductor process 
ing equipment are known in the art. Such in situ cleaning 
systems are normally located adjacent the semiconductor 
processing equipment and connected thereto by way of shut 
off valves. Such in situ cleaning systems normally include a 
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plasma generator as well as a Source of a cleaning gas, such as 
a halogen cleaning gas. In a normal operating mode, in the 
case of ion implantation equipment, feed gasses or feed 
vapors are normally in fluid communication with an ioniza 
tion chamber. During a cleaning mode of operation, the feed 
gasses and feed vapor fluid communication paths are nor 
mally isolated from the ionization chamber, for example, by 
way of a shut-off valve. As mentioned above, the cleaning gas 
is normally isolated from the semiconductor processing 
equipment by way of isolation valves during a normal mode 
of operation of the semiconductor processing system. 
0017. In a cleaning mode of operation, the shut-off valves 
are opened to allow the cleaning gas to clean the semicon 
ductor processing equipment. In the case of ion implantation 
equipment, opening of the cleaning gas shut-off valves allows 
the ionized cleaning gas to enter the ionization chamber for 
the cleaning cycle. In known in situ cleaning systems, such as 
the in situ cleaning system disclosed in US Patent Application 
Publication No. US 2007/0210260, published on Sep. 13, 
2007 and assigned to the same assignee as the present inven 
tion, the cleaning cycle is determined by an endpoint detector, 
Such as a residual gas analyzer, which monitors the effluent 
gases during a cleaning cycle and determines when the partial 
pressure of a reaction product falls below a predetermined 
value. 
(0018. As set forth in US Patent Application Publication 
No. US 2005/0260354 A1, entitled “In-Situ Process Chamber 
Preparation Methods for Plasma Ion Implantation Systems’ 
(“the 354 publication'), one known problem with such 
cleaning systems for use with semiconductor processing 
equipment is the efficacy of Such systems. In particular, the 
354 publication Suggests that the cleaning action can be 
enhanced by providing thermal energy to the Surfaces to be 
cleaned or by increasing the energy of the ionized cleaning 
gas by way of an electric field between the surface being 
cleaned and the plasma while a static pressure in the ioniza 
tion chamber is maintained between about 1 millitorr and 10 
torr. In addition, the method disclosed in the 354 publication 
includes depositing certain materials on the walls of the 
chamber to limit contamination to the wafer. 
(0019 U.S. Pat. No. 6,135,128 discloses a cleaning system 
for anion implanter which provides a mechanism for running 
the cleaning gas simultaneously with the source gas. How 
ever, the effect of running the cleaning gas with the Source gas 
on the ion beam characteristics is problematic. One problem 
is the dilution of the desired dopant in the ion beam, reducing 
implanted dose rate on the wafer and wafer throughput. A 
second problem is that the cleaning is not a well-controlled 
process for removing specific deposits, and may etch away 
beam line components which do not require deposit removal. 
0020. Thus, there is a need for an improved controlled 
cleaning technique for semiconductor processing systems 
which provides enhanced cleaning efficacy which is rela 
tively less complex and less expensive than the known sys 
temS. 

SUMMARY OF THE INVENTION 

0021 Briefly the present invention relates to a cleaning 
system, for example, an in situ cleaning system for use with 
semiconductor processing equipment. In accordance with an 
important aspect of the invention, the cleaning system pro 
vides for dynamic cleaning of the semiconductor processing 
system by varying the pressure of the cleaning gas over time 
during a cleaning cycle. In one embodiment of the invention, 
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the cleaning gas is applied to the semiconductor processing 
system in repeated pressure cycles. Each pressure cycle 
begins with the pressure of the cleaning gas at Pty. The 
pressure of the cleaning gas is increased to a maximum pres 
Sure P. during a fill portion of the pressure cycle and 
maintained for a dwell time selected to allow the available 
reactants to generate the desired end products. The pressure in 
the chamber to be cleaned is then reduced during a vent 
portion of the pressure cycle to permit venting of the reaction 
products. As such, each time the chamber to be filled is vented 
and re-filled, reaction products are removed and new reac 
tants are introduced into the chamber to be cleaned, effec 
tively increasing the effective reaction rate. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0022 FIG. 1: Ion beam generation system incorporating 
reactive gas cleaning. 
0023 FIG. 2: Second embodiment of ion beam generation 
System incorporating reactive gas cleaning. 
0024 FIG. 3: Ion beam generation system similar to FIG. 
1 but incorporating a vaporizer and certain gas distribution 
elements. 
0025 FIG. 4: Ion beam generation system similar to FIG. 
2 but incorporating a vaporizer and certain gas distribution 
elements. 
0026 FIG. 5: Ion generation system incorporating reac 

tive gas cleaning by the introduction of ClF.Sub.3. 
0027 FIG. 6: Gas box for anion implanter which includes 
a reactive gas plasma source, feed vapor source, ion Source 
electronics, and facilities for the plasma Source. 
0028 FIG. 6A: View similar to FIG. 6, showing a vapor 
flow control system. 
0029 FIG. 6B: Valve schematic for an ion beam generat 
ing System. 
0030 FIG. 7: Electron-impaction source. 
0031 FIG. 7A: Magnified view of a portion of FIG. 7, 
showing shielding of elements. 
0032 FIG. 7B: Control diagram for an embodiment. 
0033 FIG. 8: Ion extraction electrode. 
0034 FIG. 9: Ion extraction electrode optics. 
0035 FIG. 9a: B.Sub. 18H.sub.X.sup.+ beam profiles. 
0036 FIG.10: Extraction electrode and manipulator. 
0037 FIG. 11: Electrode head-exploded view. 
0038 FIG. 12: Second embodiment of electrode head. 
0039 FIG. 13: B.Sub.10H.sub.X.sup.+ beam current ver 
sus decaborane flow rate. 
0040 FIG. 14: Lifetime versus decaborane vapor flow 

rate. 

004.1 FIG. 15: Etch rate of Si coupon. 
0042 FIG. 16: Ion implanter. 
0043 FIG. 17 is a representation of an idealized Fill/Vent 
Characteristic for a variable cleaning gas pressure cycle in 
accordance with the present invention. 
0044 FIG. 18 is a representation of an exemplary pressure 
cycle for the cleaning gas in accordance with the present 
invention. 

0045 FIG. 19 is an exemplary embodiment of anion beam 
generation system incorporating reactive gas cleaning that is 
configured to provide a variable cleaning gas pressure cycle. 
0046 FIG. 20 is an alternate embodiment of the system 
illustrated in FIG. 19. 
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0047 FIGS. 21a-21c illustrate one embodiment of the 
invention in which one or both of the cleaning gas flow rate 
and system pumping speed can be varied to generate a desired 
pressure shape characteristic. 
0048 FIG.22 shows actual pressure data during cleaning 
of a substrate, using the method illustrated in FIGS. 21a-21c. 
In this embodiment, the flow rate of the NF3 cleaning gas was 
maintained at a constant level while the pumping speed was 
alternated between two values. 

DETAILED DESCRIPTION 

0049. The present invention relates to a cleaning system, 
for example, an in situ cleaning system for use with semicon 
ductor processing equipment. In accordance with an impor 
tant aspect of the invention, the cleaning system provides for 
dynamic cleaning of the semiconductor processing system by 
varying the pressure of the cleaning gas over time to create 
pressure gradients during a cleaning cycle. In particular, in a 
preferred embodiment the pressure of the cleaning gas is 
increased to a maximum pressure P to fill the chamber to 
be cleaned with the cleaning gas. The maximum pressure 
P is maintained for a dwell time selected to allow the avail 
able reactants to generate the desired end products. The pres 
sure in the chamber to be cleaned is then reduced to create 
pressure gradients to cause the cleaning gas to reach areas 
which did not get Sufficient gas or were not impinged by the 
cleaning gas and to permit venting of the reaction products. 
As such, each time the chamber to be filled is vented and 
re-filled, reaction products are removed and new reactants are 
introduced into the chamber to be cleaned, effectively 
increasing the effective reaction rate. 
0050 FIGS. 1-16 illustrate an exemplary ion source and 
an in-situ cleaning system, for example, as described and 
illustrated in US Patent Application Publication No. US 2007/ 
0210260 A1, assigned to the same assignee as the present 
invention, hereby incorporated by reference. The present 
invention is illustrated in FIGS. 17-22 and described below. 
More specifically, the general concept of the present inven 
tion is illustrated in FIG. 17. An exemplary pressure cycle in 
accordance with the present invention for the cleaning gas is 
illustrated in FIG. 18. FIGS. 19 and 20 illustrate exemplary 
hardware embodiments for the present invention. FIGS. 21a 
21c illustrate an embodiment in which one or both of the 
cleaning gas flow rate and system pumping speed can be 
varied to generate a desired pressure shape characteristic. 
FIG. 22 shows actual pressure data during cleaning of a 
substrate, using the method of FIG. 21. In this embodiment, 
the flow rate of the NF3 cleaning gas was maintained at a 
constant level while the pumping speed was alternated 
between two values. 

Ion Beam-Generating System 

0051 FIG. 1 shows an ion beam-generating system. As 
shown in this example, it is adapted to produce an ion beam 
for transport to an ion implantation chamber for implant into 
semiconductor wafers or flat-panel displays. Shown are ion 
source 400, extraction electrode 405, vacuum housing 410. 
voltage isolation bushing 415 of electrically insulative mate 
rial, vacuum pumping system 420. Vacuum housing isolation 
valve 425, reactive gas inlet 430, feed gas and vapor-inlet 441, 
vapor source 445, feed gas source 450, reactive gas source 
455, ion source high voltage power supply 460, and resultant 
ion beam 475. An ion beam transport housing is indicated at 
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411. The ion source 400 is constructed to provide cluster ions 
and molecular ions, for example the borohydride ions 
BoH, BioH, Bish", and Bish, or, or in addition, more 
conventional ion beams such as P, AS", B", In, Sb, Si", and 
Ge". Ion source 400 may be a Bernas-style arc-discharge ion 
Source, which is most commonly used for ion implantation, or 
a “bucket'-type water-cooled ion source which uses an 
immersed RF (radio frequency) antenna forming an RF field 
to create ions, a microwave ion source, or an electron-impact 
ionization source, for example. The gas and vapor inlet 441 
for gaseous state feed material to be ionized is connected to a 
suitable vapor source 445, which may be in close proximity to 
gas and vapor inlet 441 or may be located in a more remote 
location, Such as in a gas distribution box located elsewhere 
within a terminal enclosure. A terminal enclosure is a metal 
box, not shown, which encloses the ion beam generating 
system. It contains required facilities for the ion source Such 
as pumping systems, power distribution, gas distribution, and 
controls. When mass analysis is employed for selection of an 
ion species in the beam, the mass analyzing system may also 
be located in the terminal enclosure. 

0052. In order to extractions of a well-defined energy, the 
ion source 400 is held at a high positive voltage (in the more 
common case where a positively-charged ion beam is gener 
ated), with respect to the extraction electrode 405 and vacuum 
housing 410, by high voltage power supply 460. The extrac 
tion electrode 405 is disposed close to and aligned with the 
extraction aperture 504 of the ionization chamber. It consists 
of at least two aperture-containing electrode plates, a so 
called Suppression electrode 406 closest to ionization cham 
ber 500, and a “ground electrode 407. The suppression elec 
trode 406 is biased negative with respect to ground electrode 
407 to reject or suppress unwanted electrons which are 
attracted to the positively-biased ion source 400 when gener 
ating positively-charged ion beams. The ground electrode 
407, vacuum housing 410, and terminal enclosure (not 
shown) are all at the so-called terminal potential, which is at 
earth ground unless it is desirable to float the entire terminal 
above ground, as is the case for certain implantation systems, 
for example for medium-currention implanters. The extrac 
tion electrode 405 may be of the novel temperature-controlled 
metallic design, described below. If a negatively charged ion 
beam is generated the ion source is held at an elevated nega 
tive Voltage with other Suitable changes, the terminal enclo 
Sure typically remaining at ground. 
0053 FIG. 1 shows the reactive gas source 455 at terminal 
potential, with reactive gas inlet 430 incorporating a high 
voltage break 431, which can be fabricated of an insulating 
ceramic Such as Al-O, for example. Since ion sources for ion 
implantation can in general be biased up to a maximum Volt 
age of about 90 kV, this high voltage break 431 must stand off 
90 kV for that application. As will be described below, the 
cleaning system is used only with the ionizing source and 
high Voltages off (de-energized), so that there is only high 
voltage across break 431 when the vacuum housing 410 is 
under high vacuum, which makes high Voltage standoff clear 
ance requirements easier to meet. A dedicated endpoint detec 
tor 470, in communication with the vacuum housing 410, is 
used to monitor the reactive gas products during chemical 
cleaning. 
0054 For ion sources suitable for use with ion implanta 
tion systems, e.g. for doping semiconductor wafers, the ion 
ization chamber is small, having a volume less than about 100 
ml, has an internal surface area of less than about 200 cm, 
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and is constructed to receive a flow of the reactive gas, e.g. 
atomic fluorine or a reactive fluorine-containing compound at 
a flow rate of less than about 200 Standard Liters Per Minute. 
0055. It is seen that the system of FIG. 1 enables in situ 
cleaning, i.e. without the ion source being removed from its 
operating position in the vacuum housing, and with little 
interruption of service. 
0056 FIG. 2 illustrates another embodiment. The princi 
pal difference in FIG. 2 over FIG. 1 is that the reactive gas 
source 455 and reactive gas inlet 430 areation source poten 
tial. The benefits of this approach are twofold: it is a more 
compact arrangement, and it allows the reactive gas source 
455 and its associated gas Supplies to be contained in the gas 
box which, at ion Source potential Supplies gas and power to 
the ion Source 400, as is typical in commercial ion implanta 
tion systems. 

Chemical Cleaning System in General 

0057 The embodiment of FIG. 3, having many features 
similar to FIG. 1, is constructed to generate, selectively, both 
clusterions and monomerions. It has a dedicated gas inlet 435 
for feed material in normally gaseous state and is in commu 
nication, through valve 443, with a vapor source 445 for 
producing borohydride and other vaporized feed materials. 
For conducting in-situ chemical cleaning of the ion source 
and electrode, a remote plasma source 455 disassociates gas 
Supplied by a cleaning gas supply 465, for example NF, into 
decomposition products such as F, F, and N-containing com 
pounds. When cleaning is desired, after de-energizing the ion 
Source, the decomposition products are fed into the ionization 
chamber from the outlet 456 of the remote plasma source 455 
by dedicated reactive gas inlet 430. The remote plasma source 
455 is mounted on the terminal potential side of voltage 
isolation bushing 415. Since the ion source 400 runs at high 
Voltage, a high Voltage break 431 in vacuum provides Voltage 
isolation. 
0.058 To initiate a cleaning cycle, the ion source is shut 
down and vacuum housing isolation valve 425 is closed; the 
high vacuum pump 421 of the vacuum pumping system 420 is 
isolated and the Vacuum housing 410 is put into a rough 
vacuum state of <1 Torr by the introduction of dry N, gas 
while the housing is actively pumped by backing pump 422. 
Once under rough Vacuum, argon gas (from Argas source 
466) is introduced into the plasma source 455 and the plasma 
Source is energized by on-board circuitry which couples 
radio-frequency (RF) power into the plasma source 455. 
Once a plasma discharge is initiated, Ar flow is reduced and 
the F-containing cleaning gas feed 465, e.g. NF, is intro 
duced into plasma source 455. Reactive F gas, in neutral form, 
and other by-products of disassociated cleaning gas feed 465, 
are introduced through reactive gas inlet 430 into the de 
energized ionization chamber 500 of ion source 400. The flow 
rates of Arand NF (for example) are high, between 0.1 SLM 
(Standard Liters per Minute) and a few SLM. Thus, up to 
about 1 SLM of reactive F as a dissociation product can be 
introduced into the ion source 400 in this way. Because of the 
small volume and surface area of ionization chamber 500, this 
results in very high etch rates for deposited materials. The 
ionization chamber 500 has a front plate facing the extraction 
electrode, containing the extraction aperture 504 of cross 
sectional area between about 0.2 cm and 2 cm, through 
which, during energized operation, ions are extracted by 
extraction electrode 405. During cleaning, the reactive gas 
load is drawn from ionization chamber 500 through the aper 
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ture 504 by vacuum of housing 410; from housing 410 the gas 
load is pumped by roughing pump 422. Since the extraction 
electrode 405 is near and faces aperture 504 of ionization 
chamber 500, the electrode surfaces intercept a considerable 
volume of the reactive gas flow. This results in an electrode 
cleaning action, removing deposits from the electrode Sur 
faces, especially from the front Surface of Suppression elec 
trode 406, which is in position to have received the largest 
deposits. Thus, it is beneficial to fabricate extraction electrode 
and its mounting of F-resistant materials, such as Al and 
Al-O. 
0059. The embodiment of FIG. 3 also has an endpoint 
detector consisting of a differentially-pumped, Residual Gas 
Analyzer (RGA), constructed for corrosive service. Analyzer 
RGA is in communication with vacuum housing 410. It is to 
be used as a detector for the end point of the cleaning action 
by monitoring partial pressures of F-containing reaction 
products (for example, BF gas resulting from B combining 
with F). Other types of endpoint detectors can be used, the 
RGA being shown to illustrate one particular embodiment. 
When the boron-containing partial pressures decline at RGA, 
the cleaning process is largely completed. Once the cleaning 
process is ended, the plasma source 455 is turned off and is 
briefly purged with Argas (which also purges the ionization 
chamber 500, the housing 410 and elements contained 
therein). The roughing pump 422 is then isolated from direct 
communication with vacuum housing 410, the high vacuum 
pump 421 isolation valve is opened, and vacuum housing 410 
is restored to high vacuum (about 1.times. 10- Torr or 
below). Then, vacuum housing isolation valve 425 is opened. 
The system is now ready to resume ion beam generation. The 
ion source Voltage Supply 460 can be energized and ion 
source 400 operated normally. 
0060 An advantage of the embodiment of FIG. 3 is that 
the service facilities needed to Support the remote plasma 
Source 455. Such as cooling water circulation and electrical 
power, can beat the terminal potential of anion implanter (see 
208 in FIG. 16). This enables sharing facilities denoted at S 
Such as cooling water and electrical power, with the mass 
analyzer magnet 230 of the implanter. During cleaning mode, 
when plasma source 455 is energized, the analyzer 230 is 
de-energized and therefore does not need water or power, and 
vise versa, during ion beam production mode. This 'sharing 
can be accomplished by Suitable control arrangements repre 
sented diagrammatically at S', which direct service facilities 
Such as cooling water circulation and power Supply connec 
tion alternatively to the analyzer magnet 230, dashed arrow S. 
or to the remote plasma source 455, solid arrow S, depending 
upon the mode of operation being employed. 
0061 FIG. 4 shows an implementation similar to FIG. 2 
for conducting in-situ chemical cleaning of an Source 400 and 
extraction electrode 405. Three inlet passages are integrated 
into ion source 400, respectively for reactive gas 430 from 
plasma source 455, feed gas 435 from one of a number of 
storage volumes 450 selected, and feed vapor 440 from vapor 
izer 445. Unlike FIG. 3, the embodiment of FIG. 4 has the 
plasma-based reactive gas source 455 at the high Voltage of 
ion source 400. This enables the remote plasma source 455 to 
share control points of the ion source 400, and also enables 
the cleaning feed gas 465 and argon purge gas from Storage 
466 to be supplied from the ion source gas distribution box, 
which is at source potential, see also FIGS. 6 and 6A. Also 
shown is a different type of endpoint detector, namely a 
Fourier Transform Infrared (FTIR) optical spectrometer. This 
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detector can function ex-situ (outside of the vacuum hous 
ing), through a quartz window. Instead, as shown in FIG. 4, an 
extractive type of FTIR spectrometer may be used, which 
directly samples the gas in the vacuum housing 410 during 
cleaning. Also a temperature sensor TD may sense the tem 
perature of the de-energized ionization chamber by sensing a 
thermally isolated, representative region of the surface of the 
chamber. The sensor TD can monitor heat produced by the 
exothermic reaction of F with the contaminating deposit, to 
serve as an end-point detection. 
0062 FIG. 5 shows an ion beam-generating system simi 
lar to that of FIG. 4, but incorporating a fundamentally dif 
ferent type of reactive gas source 455. In this case, reactive 
ClF.Sub.3 gas contained in a gas cylinder is fed directly into 
ion source 400 without use of a remote plasma source. This 
potentially reduces equipment cost and footprint since power 
and controls for a remote plasma source are not required. 
However, since ClF.Sub.3 is pyrophoric, it is dangerous and 
requires special gas handling, whereas NF. Sub.3 (for 
example) is primarily an asphyxiant, and is less toxic than 
many semiconductor gases, such as BF. Sub.3, PH. Sub.3, or 
AsH. Sub.3, and therefore safer. 
0063 FIG. 6 shows plasma source 455, vapor source 445, 
Source electronics, and service facilities S for the plasma 
Source contained within a gas box B meant for retrofit into an 
existing ion implanter installation. 
0064. The embodiment of FIG. 6a differs from the 
embodiment of FIG. 6 above, by incorporating a preferred 
vaporizer and flow control system described below. FIG. 6B 
is a valve schematic diagram for the ion source and self 
cleaning system of FIG. 4. 

Exemplary Ion Source and Vaporizer 

0065 FIG. 7 is a diagram of an exemplary ion source 10 
and its various components, and see FIG. 7A. The details of 
its construction, as well as its preferred modes of operation, 
are similar to that disclosed by Horsky et al., International 
Application No. PCT/US03/20197, filed Jun. 26, 2003: “An 
ion implantation device and a method of semiconductor 
manufacturing by the implantation of boron hydride cluster 
ions', and by Horsky, U.S. patent application Ser. No. 10/183, 
768, “Electron impact ion source', filed Jun. 26, 2002, both 
herein incorporated by reference. The ion source 10 is one 
embodiment of a novel electron impact ionization system. 
FIG. 7 is a cross-sectional schematic diagram of the Source 
construction which serves to clarify the functionality of the 
components which make up the ion source 10. The ion source 
10 is made to interface to an evacuated vacuum chamber of an 
ion implanter by way of a mounting flange 36. Thus, the 
portion of the ion source 10 to the right of flange 36, shown in 
FIG. 7, is at high vacuum (pressure <1.times. 10 Torr). Gas 
eous material is introduced into ionization chamber 44 in 
which the gas molecules are ionized by electron impact from 
electron beam 70, which enters the ionization chamber 44 
through electron entrance aperture 71 such that electronbeam 
70 is aligned with (i.e. extends adjacent, parallel to) ion 
extraction aperture 81. Thus, ions are created adjacent to the 
ion extraction aperture 81, which appears as a slot in the ion 
extraction aperture plate 80. The ions are then extracted and 
formed into an energetic ion beam 475 by an extraction elec 
trode 220 (FIGS. 8 and 9) located in front of the ion extraction 
aperture plate 80. Referring to FIG. 7, gases such as argon, 
phosphine, or arsine, for example, may be fed into the ion 
ization chamber 44 via a gas conduit 33. Solid feed materials 
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29 such as decaborane or octadecaborane can be vaporized in 
vaporizer 28, and the vapor fed into the ionization chamber 44 
through vapor conduit 32 within the source block 35. Typi 
cally, ionization chamber 44, ion extraction aperture plate 80. 
source block 35 (including vapor conduit 32), and vaporizer 
housing 30 are all fabricated of aluminum. Solid feed material 
29 is held at a uniform temperature by closed-loop tempera 
ture control of the vaporizer housing 30. Sublimated vapor 50 
which accumulates in a ballast volume 31 feeds through 
conduit 39 and through throttling valve 100 and shutoff valve 
110. The nominal pressure of vapor 50 between throttling 
valve 100 and shutoff valve 110 is monitored by heated pres 
Sure gauge 60, preferably a capacitance manometer. Since the 
vapor 50 feeds into the ionization chamber 44 through the 
vapor conduit 32, located in the source block 35, and gases 
feed in through gas conduit 33, both gaseous and vaporized 
materials may be ionized by this ion source, which is capable 
of creating ion beam 475 consisting of either molecular ions 
(such as BH" or monomer ions (such as As"), as needed. 

Vapor Flow Control into the Ion Generating System 
0066. The flow of vapor to ionization chamber of FIG. 7, 
and see FIG. 7B, is determined by the vapor pressure in the 
region just before vapor feed passage 32, i.e., within shutoff 
valve 110 in FIG. 7. This is measured by pressure gauge 60, 
e.g. a capacitance manometer, located between throttling 
valve 100 and shut-off valve 110. In general, the flow rate is 
proportional to the vapor pressure. This allows the pressure 
signal to represent flow, and to be used as a set point to select 
flow. To generate a desired vapor flow into the ion source, 
vaporizer housing 30 is brought to a temperature Such that 
when throttling valve 100 is in its fully open position, the 
desired flow rate is exceeded. Then the throttling valve 100 is 
adjusted to reach the desired pressure output. 
0067. To establish a stable flow over time, separate closed 
loop control of the vaporizer temperature and vapor pressure 
is implemented using dual PID controllers, such as the Omron 
E5CK control loop digital controller. The control (feedback) 
variables are thermocouple output for temperature, and gauge 
output for pressure. The diagram of FIG. 7B shows a digital 
vapor feed controller 220 for performing these closed loop 
control functions. 
0068. In FIG.7B gauge output 250 from pressure gauge 60 

is applied to throttle valve position control 245 which applies 
throttle valve position control signal 247 to throttle valve 100. 
Thermocouple output 225 from vaporizer 28 is applied to 
vaporizer heater control 215 which controls heater power248 
applied to the vaporizer 28. 
0069. A second, slow level of control is implemented by 
digital feed controller 220, accommodating the rate at which 
Solid feed material vaporizes being a function of its open 
Surface area, particularly the available surface area at the 
solid-vacuum interface. As feed material within the vaporizer 
is consumed over time, this available Surface area steadily 
decreases until the evolution rate of vapors cannot support the 
desired vapor flow rate, resulting in a decrease in the vapor 
pressure upstream of the throttle valve 100. This is known as 
“evolution rate limited' operation. So, with a fresh charge of 
feed material in the vaporizer, a vaporizer temperature of say, 
25 C might Support the required vapor flow at a nominal 
throttle valve position at the low end of its dynamic range (i.e., 
the throttling valve only partially open). Over time (for 
example, after 20% of the feed material is consumed), the 
valve position would open further and further to maintain the 
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desired flow. When the throttle valve is near the high conduc 
tance limit of its dynamic range (i.e., mostly open), this valve 
position is sensed by the controller 220, which sends a new, 
higher heater set point temperature to the vaporizer heater 
control 215. The increment is selected to restore, once the 
vaporizer temperature settles to its new value, the nominal 
throttle valve operating point near the low end of its dynamic 
range. Thus, the ability of the digital controller 220 to accom 
modate both short-timescale changes in set point vapor pres 
Sure and long-timescale changes in vaporizer temperature 
makes the control of vapor flow over the lifetime of the feed 
material charge very robust. Such control prevents over-feed 
ing of vapor to the ionization chamber. This has the effect of 
limiting the amount of unwanted deposits on Surfaces of the 
ion generating system, thus extending the ion source life 
between cleanings. 
0070 FIG. 8 shows a top view (looking down) of an ion 
extraction electrode 220 facing the ion source 10. The ion 
source 10 is held at a positive potential V. Sub. A with respect 
to the ion extraction electrode 220, which is at local ground 
potential, i.e., at the potential of the vacuum housing. The ion 
extraction electrode 220 is a simple diode; electrode plate 302 
is the “ground’ electrode and plate 300 the “suppression' 
electrode, typically held a few thousand volts below ground 
potential by Suppression power Supply V.Sub.S. The ioniza 
tion chamber 44 and ion extraction aperture plate 80 of ion 
source 10 are shown facing extraction electrode 220. The 
three plates 80,300,302 contain rectangular slots or apertures 
through which ions 90 are extracted: FIG. 8 illustrates the slot 
profiles in the “short', or dispersive, direction. 

Heated Electrode 

0071. During the decaborane lifetime tests shown in FIG. 
14, aheated aluminum electrode was used. FIG.9 shows atop 
view of the basic optical design of the extraction system, in 
the dispersive plane of the one-dimensional “slot aperture 
lenses. In the implanter used, the ionization chamber 490 of 
the ion source was held at the desired ion beam energy by 
positive high voltage power supply V, FIG.8. For example, 
ifa 20 keV ion beam is desired, then V-20 kV. Ion extraction 
aperture plate 500 is electrically isolated from ionization 
chamber 490 such that it can be biased by bipolar power 
supply V, from -750V-750V. The isolation is accomplished 
by a thermally conductive, electrically insulating polymeric 
gasket which is sandwiched between the ion extraction aper 
ture plate 500 and ionization chamber 490. The parts of the 
ion source body that are exposed to vapor (source block 35. 
ionization chamber 44, and extraction aperture plate 80 in 
FIG. 7) are maintained in good thermal contact with each 
other to maintain controlled temperature Surfaces during 
source operation. Ions produced in ionization chamber 490 
are extracted through the aperture in ion extraction aperture 
plate 500 by extraction electrode 540 consisting of suppres 
sion electrode 510 and ground electrode 520. The ions propa 
gate as a focused ion beam along the beam axis 530. Suppres 
sion electrode 510, biased to a few thousand volts negative by 
power Supply Vs., serves to suppress secondary electrons 
which are generated upstream from the Suppression electrode 
due to beam strike, preventing these energetic electrons from 
backstreaming into the positively-biased ion source. The ion 
ization chamber 490, ion extraction aperture plate 500, Sup 
pression electrode 510, and ground electrode 520 are all 
fabricated of aluminum, and have smooth, carefully polished 
surfaces to minimize local electric fields. 
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0072 An important effect of biasing ion extraction aper 
ture plate 500 is to change the focal length of the ion optical 
system of FIG. 9. A negative bias increases the focal length, 
while a positive bias decreases the focal length. For large 
biases, the effect can be substantial. For diagnostic purposes, 
a scanning-wire profilometer was installed, located at the 
entrance to the analyzer magnet, just downstream of the 
source housing isolation valve (210 in FIG. 16). This scanner 
recorded the beam current distribution in the dispersive plane, 
useful to determine how well the ion beam is being focused in 
the dispersive plane. 20 keV octadecaborane beam profiles 
are shown in FIG. 9a for three different biasing conditions: 
-483V, 0, and +300V. The Zero volt condition is substantially 
overfocused, the positive voltage condition more overfo 
cused, and the negative voltage condition properly focused. 
The electrode position was held constant during the three 
measurements. As expected, the proper focusing condition 
yielded the highest ion beam currents. 
0073. The ability to change the optical focal length, and 
thus tune the optical system to obtain the highest ion beam 
current, enables introduction of the least amount of feed 
material to the vaporizer. Again, this has the beneficial effect 
of limiting the amount of unwanted deposits on surfaces of 
the ion generating system, extending the ion source life 
between cleanings. 
0074 Besides the biasing of the extraction aperture plate 
for focusing the system just described, the invention provides 
means for moving the extraction electrode optic element rela 
tive to other components of the system. FIG. 10 shows the 
novel electrode 600 mounted on a three-axis manipulator 610 
which allows for motion (with respect to the ion source) in X. 
Z and E), as defined by coordinate system 620. Actuator 613 
controls X-motion, actuator 612 controls Z-motion, and 
actuator 611 controls E)-motion. The manipulator 610 
mounts to the side of the implanter vacuum housing via 
mounting flange 615. 
0075 FIG. 11 shows a partial exploded view of the radia 
tively-heated version of the novel electrode head. Shown are 
suppression electrode 700, ground electrode 710, heaterplate 
720, and radiant heater wire 730. The suppression and ground 
electrodes are fabricated of aluminum, the heater plate of 
stainless steel, and the heater wire 730 of nichrome. When the 
electrode was operated at 200 C, power consumption was 
about 60 W to maintain the temperature. The heater power is 
controlled with a closed-loop PID controller, the Omron 
E5CK, based on readback of a thermocouple. 
0076 FIG. 12 shows a partial exploded view of a resis 
tively-heated version of the novel electrode head. Shown are 
suppression electrode 800, ground electrode 810, and resis 
tive heaters 820. The four resistive heaters 820 fit into sleeves 
830, two into each electrode plate. The sleeves 830 are a split 
design such that the heaterpress-fits into the sleeve, achieving 
intimate contact. Intimate contact between heater and elec 
trode is important to insure proper heating of the electrode, 
and to prevent premature burnout of the heaters. Again, the 
Omron E5CK or equivalent can control the electrode tem 
perature based on readback of a thermocouple. 
0077. As described above, use of these heating arrange 
ments for the extraction electrode maintain a well-controlled, 
elevated temperature sufficiently high to prevent condensa 
tion of decaborane and octadecaborane such as produced by 
the relatively cool-operating ion source of FIGS. 7 and 7A. 
The extraction electrode made of fluorine-resistant materials, 
e.g. aluminum, enables periodic in situ cleaning of the elec 
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trode to remove any deposits by fluorine vapors drawn 
through the extraction aperture. 
0078. A different situation is encountered with plasma ion 
sources that inherently run so hot that the heat may harm the 
extraction electrode assembly if made of low temperature 
material. Referring to FIG. 9, shown in dotted lines are cir 
cular cooling coils, 512 and 522 secured in heat transfer 
relationship to the backs of aluminum electrode members 510 
and 522, respectively. Circulation of cooling fluid through 
these cooling coils can cool the aluminum electrodes to pre 
vent deformation by heat from hot ion sources. This enables 
use of fluorine-resistant materials for the extraction electrode, 
for instance aluminum or a complex containing aluminum, 
which provide resistance to attack by any fluorine present 
from feed materials or from reactive cleaning gas. 

Source Lifetime Measurements when Running 
Decaborane 

0079 FIG. 14 shows the results of source lifetime testing 
over a broad range of decaborane flows. The fit to these data 
is from Equation (3). No failures of the ion source were 
recorded during these tests; rather, the individual tests were 
ended when the decaborane ion current dropped to roughly 
half of its initial level. Upon inspecting the ion source, it was 
found that a substantial amount of boron-containing material 
was deposited within the ionization chamber, mostly adher 
ing to the interior walls of the chamber. In some cases, the ion 
extraction aperture was also partially occluded. The model of 
Equation (3) seems to fit the data well, and suggests that 
“lean' operation is the key to prolonged ion source lifetime, 
between in situ chemical cleaning procedures or disassembly. 

Measurements of Etch Rates within Ionization 
Chamber During F Cleaning 

0080. The system with the ion source 10 of FIG. 7 was 
used to test the F cleaning process, although Cl or other 
reactive cleaning or etch agents may be used, on 1-mm-thick 
silicon coupons staged inside of the ionization chamber 44. 
with the following modification: rather than incorporating a 
dedicated reactive feed conduit, the vapor feed conduit 32 
was employed to introduce the reactive gas. Si was used 
because etching of Siby F is well understood, and pure Si 
material is available in the form of Si wafers. This test 
required removing the vaporizer between cleaning cycles. 
Two coupon locations were tested: one having line-of-sight 
relationship with the reactive gas inlet (i.e., the vapor feed 
32), and one not having line-of-sight. The etch rates are 
shown in FIG. 15 as a function of NF, sub.3 flow rate. During 
this process, a flow of 700 sccm of argon was maintained into 
the remote plasma source while the NF. Sub.3 flow rate was 
varied from 50 sccm to 500 sccm. A line-of-sight geometry 
shows a factor of about five increase in etch rate, and is 
therefore a preferred geometry if it can be done uniformly. To 
this end, the geometry portrayed in FIG. 3 should provide 
betteretch uniformity of the ion source ionization chamber 44 
than the geometry shown in FIG. 4. The test also indicated 
that location of etch-sensitive components shielded from the 
gas flow is effective to provide a degree of protection to those 
components. 
0081. To extend the life of components of the self-cleaning 
ion generating system construction materials are selected that 
are resistive to the reactive gas, and provision can be made for 
shielding of sensitive components. 
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0082 For the interior of the ionization chamber, as indi 
cated above, aluminum is employed where the temperature of 
the ionizing action permits because aluminum components 
can withstand the reactive gas fluorine. Where higher tem 
perature ionizing operation is desired, an aluminum-silicon 
carbide (AlSiC) alloy is a good choice for the surfaces of the 
ionization chamber or for the extraction electrode. Other 
materials for Surfaces in the ionization chamber are titanium 
boride (TiB), Boron Carbide (BC) and silicon carbide 
(SiC). 
0083. For components exposed to the fluorine but not 
exposed to the ionizing action, for instance electron Source 
components such as electrodes, the components may be fab 
ricated of Hastelloy, fluorine-resistant stainless steels and 
nickel plated metals, for instance nickel-plated molybdenum. 
0084. Both inert gas shields and movable physical barriers 
can protect components of the system from the reactive gas 
during cleaning. For example, referring to FIG. 7A, a conduit 
113 for inert gas, for instance argon, extends from a gas 
Source, not shown. Its outlet is at a strategic location in the ion 
source, such that flow of the inert gas, when initiated for the 
cleaning cycle, floods the component to be protected. In FIG. 
7A the outlet 113a of inert gas conduit 113 aims a flooding 
stream of argon over the active components of electron gun 
112, including, the electron-emitting cathode. In FIG. 7A a 
movable shield member 73 is also shown, which is movable 
into position for the cleaning cycle. In the example shown, it 
is movable over the aperture 71A leading to beam dump 72, or 
to another electron gun when provided on that side of the 
ionization chamber 44. 

0085. The cleaning process described above was con 
ducted to observe its effect on boron deposits within the 
ionization chamber and on the interior of the ion extraction 
aperture of the novel ion source 10 of FIG. 7. The observed 
etch rates had characteristics similar to the plot of FIG. 15, but 
were a factor of 3 lower. Thus, for a NFSub.3 flow rate of 500 
sccm, the etch rate for decaborane deposits were 7 um/min 
(no line-of-sight), and 36 um/min (line-of-sight). The interior 
of the ion extraction aperture after running 4 hrs of decabo 
rane at 0.8 sccm vapor flow had about 133 um thick boron 
containing deposit prior to cleaning. Observations were made 
after a 5 min F clean, and after a 15 min F clean using these 
flow rates. One side of the aperture plate was in line-of-sight 
with the vapor feed. It was observed from the cleaning pattern 
that the vapor feed aperture is centered in the vertical direc 
tion. After 15 minutes of cleaning, the plate was almost 
completely free of deposits. Also, the novel heated aluminum 
ion extraction electrode of FIG. 10 was removed and 
inspected after long operation. It was very clean with no 
observable decaborane deposits. This was undoubtedly due to 
exposure of the electrode to reactive F (F can flow through the 
ion source ion extraction aperture located in front of the vapor 
conduit, to the extraction electrode directly in front of it). 
Also, elevated temperature of the Al electrode assembly 
increased the effective etch rate of its deposits. 
I0086. With respect to the ionization chamber, again, a 15 
min etch clean left the chamber nearly free of deposits. A test 
was conducted in which the system was repeatedly cycled in 
the following manner: two hours of decaborane operation 
(>500mu.A. ofanalyzed beam current), the source was turned 
off and the filament allowed to cool, followed by a 15 min 
chemical clean at 500 sccm of NF feed gas and 700 sccm of 
Ar, to see if conducting repeated chemical cleaning steps was 
injurious to the ion source or extraction electrode in any way. 
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After 21 cycles there was no measurable change in the oper 
ating characteristics of the ion Source or the electrode. This 
result demonstrates that this F cleaning process enables very 
long lifetime in ion Source operation of condensable species. 

The Ion Generating System Incorporated into an 
Exemplary Ion Implanter 

0087 FIG. 16 shows the basic elements of a commercial 
ion implanter, with an embodiment of the novel ion beam 
generation system incorporating the ion source of FIG. 7 
installed. The ion source 10 is inserted into the source vacuum 
housing 209 of the ion implanter. It is electrically insulated 
from housing 209 by insulator 211. The ion extraction elec 
trode 220 extracts and accelerates ions from the ion source 10 
to form anion beam 200. Ion beam 200 propagates entirely in 
vacuum; from the electrode 220 it enters analyzer housing 
290, 300 where it is bent and dispersed by dipole analyzer 
magnet 230 into separate beamlets which differ by their 
charge-to-mass ratio. The ion beamlet of interest passes 
through mass resolving aperture 270 and into a final accel 
eration (or deceleration) stage 310. The thus-produced, -se 
lected and -accelerated ion beam 240 leaves the ion beam 
forming system 208 and is introduced to the process chamber 
330 where it intercepts one or more device wafers 312 on 
rotating disk314. The ion source vacuum housing 209 can be 
isolated from the remainder of the implanter's vacuum system 
by closing isolation valve 210. For example, isolation valve 
210 is closed prior to in situ cleaning of the ion source. 

Improved Efficiency Cleaning System for 
Semiconductor Processing Systems 

0088 FIGS. 17-22 relate to an alternate embodiment of an 
in situ cleaning system for an ion source, such as the ion 
sources disclosed in FIGS. 1-6 and described above, which 
provides improved efficiency over known cleaning systems 
by means of a dynamic process of cyclic control of various 
parameters of the cleaning gas, including, pressure, gas flow, 
time and rate of change. As will be discussed in more detail 
below, in one embodiment of the invention, the pressure of the 
cleaning gas i.e reactive gas, such as NF is varied with 
respect to time during a cleaning cycle in order to create 
pressure gradients which improve the efficiency of the clean 
ing cycle. In accordance with the present invention, the pres 
Sure gradients can be created by varying one or more cleaning 
parameters. Such as varying the flow rate of cleaning gas; and 
varying the speed of the roughing pump 422; as well as 
controlling the control valves, e.g. control valves 920, 930 
and 940, in fluid communication with the roughing pump 422 
to vary the flow rate of the roughing pump 422. 
I0089. The present invention is thus able to solve the prob 
lems associated with known in situ cleaning systems. More 
particularly, in some known systems, the pressure of the 
cleaning gas in the ion source or system to be cleaned is 
maintained at a relatively constant or static value. In Such 
systems, the static pressure of the cleaning gas results in 
relatively limited efficiency of a cleaning cycle. In particular, 
in Such systems, the problem is that the reactants in the 
cleaning gases have a limited lifetime. Therefore, Sustaining 
a constant pressure of the cleaning gas in the system during an 
entire cleaning operation may not be effective. In order to 
address this problem, cleaning systems have been developed 
in which the flow rate of the cleaning gas is maintained 
constant to the system to be cleaned. Although such systems 
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are able to provide the necessary replacement of the reactants 
and improve the overall efficiency of the cleaning cycle there 
are other problems with such systems. More particularly, in 
systems in which a constant flow rate of the cleaning gas is 
maintained, the concentration of the reactants in the cleaning 
gas is not uniformly distributed throughout the system to be 
cleaned and is a function of the gas dynamics of the introduc 
tion system, which is highly directional. Thus, in certain 
locations in the system to be cleaned, where concentrations 
are relatively low, there is insufficient replenishment of the 
reactants in the steady state, which reduces the overall clean 
ing efficiency of the cleaning cycle. 
0090. In accordance with an important aspect of the inven 

tion, a dynamic process is used in which the cleaning gas 
pressure, gas flow, cycle time or combinations thereof are 
varied by, e.g., repeatedly filling and venting the system to be 
cleaned with different pressures, flow rates or cycle times or 
variations thereof. As such, each time the system is vented 
and re-filled, reacted products are removed and new reactant 
material is introduced into the system to replace the reacted 
products, thereby improving the effective reaction rate and 
efficiency of a cleaning cycle. 
0091 More particularly, in one embodiment of the clean 
ing system in accordance with the present invention, the 
system to be cleaned is repeatedly Subjected to various pres 
Sure cycles of the cleaning gas, during a cleaning cycle, for 
example, as illustrated in FIGS. 17, 18 and 22. An exemplary 
pressure cycle is illustrated in FIG. 17 and generally identi 
fied with the reference numeral 900. These pressure cycles 
may be periodic or non-periodic. Also the characteristics of 
the pressure cycles can also vary during a single cleaning 
cycle. As shown in FIG. 17, the pressure cycle 900 includes a 
fill portion 902, a dwell portion 904 and a vent portion 906. As 
shown, the pressure of the cleaning gas is forced to vary from 
a first pressure, for example, a low pressure Pry during the 
fill portion, to a second pressure, for example, a higher pres 
Sure P, and back to a third lower pressure, which may be 
Pryor a lower or higher pressure than Ply. 
0092. As shown in FIG. 17, the fill portion 902 varies 
linearly or at a constant rate from P to P. during a time 
periodt. Other functions of pressure with respect to time 
are also considered to be within the broad scope of the inven 
tion. In practice, the fill cycle looks more like (1-expP/PO); 
i.e., it starts out linear but as the pressure approaches P. 
pumping speed exactly compensates flow rate of new mate 
rial. So P approaches P asymptotically (see FIG. 22). 
Accordingly, we have found that one might want to vary flow 
rate during this part of the cycle, to make it converge to Pmax 
faster. 

0093. For example, during the fill portion of the pressure 
cycle, the pressure can be varied non-linearly with respect to 
time, for example, as illustrated by the waveforms in FIGS. 18 
and 22. Once the pressure of the cleaning gas reaches P. 
the fill portion 902 of the pressure cycle 900 is considered 
complete. The cleaning gas may be maintained at Pfor a 
dwell time to. When the dwell time to has elapsed, 
the cleaning gas is vented from the system to be cleaned 
during the vent portion 906 of the pressure cycle 900. As 
shown, the cleaning gas is vented by lowering the pressure 
from P to PM during a time period try. Similar to the 
fill portion, the pressure of the cleaning gas can be reduced 
non-linearly. Moreover, the pressure during the vent portion 
906 can be reduced to a pressure either higher or lower than 
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Py and adjusted to Pyprior to the next pressure cycle, if 
necessary, depending on the characteristics of the next pres 
Sure cycle. 
I0094. As shown in FIG. 17, the fill time t, the dwell 
time tre+ the Vent time try of this pressure cycle 
embodiment t AS shown, the length of the fill time t 
is shown to be different from the length of the vent time ty. 
The principles of the present invention also include embodi 
ments in which the length of the fill time t is the same as 
the length of the vent time ty. More specifically, the prin 
ciples of the invention include variations of time, pressure, 
flow rate and combinations thereof to optimize the reaction 
kinetics of the cleaning process. 
0.095 Various considerations are necessary in order to 
optimize the various parameters involved in a pressure cycle 
900. With respect to the parameter P. higher pressure 
results in a higher active concentration which depletes more 
of the deposit resulting from the Source feed gas ion opera 
tion, e.g. Boron, ifa Boron feed gas is used, on the Surfaces of 
the ion source, per unit of time until all surfaces of the ion 
Source have reacted with the cleaning gas. On the other hand, 
excessive pressure can result in recombination of the reactant, 
i.e. F, thus reducing the active concentration of the reactant. 
0096 Reaction kinetics are believed to be governed by the 
film mass transfer resistance at the Solid-gas interface. Thus, 
the influence of the parameter P can be predicted by the 
empirical reaction rate equation, shown below, which is based 
on units of an exposed surface. 

1 at NA 
Sea di = kg (CA - CAe) 

where K is the mass transfer co-efficient between the solid 
and the gas; 
C is the concentration of A in the gas phase: 
C is the equilibrium concentration of A on the Surface; and 

PAg 
CAs = of 

I0097. As shown above, C is directly proportional to the 
pressure of A in the gas phase. The empirical equation above 
Suggests that increasing the pressure of the cleaning gas 
increases the reaction rate. However, the pressure of the 
cleaning gas can also result in an undesirable recombination 
of the reactants, that is, e.g., activated atomic fluorine, F. 
which is highly reactive, can decay into F or even combine 
into F, depending on peak concentration. If the peak concen 
tration is too high, F* can recombine before it reacts with the 
deposits. However, if the peak concentration is too low, then 
the reduced concentration of F* reduces the reaction rate and 
overall etch rate. 

0098. The minimum pressure P is selected to evacuate 
the reaction products from the system to be cleaned. More 
particularly, the minimum pressure P is selected to pro 
vide adequate cycle and dilution, that is, if it takes too long to 
reach P it un-necessarily extends the cycle whereas, if 
Pistoo high, not enough replacement of the reactants occur. 
We have found that a desired ration of P to Pry is, 
5sP/Ps. 10. In the embodiment shown in FIG. 22. 
Pv-1 Torr, P-8 Torr and t-90 seconds. 
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0099. In accordance with the present invention, the dwell 
time to may also be optimized. Short dwell times to 
are generally wasteful of the activated reactants, i.e. F and 
therefore reduce the percentage of the duty cycle where effi 
cient cleaning is accomplished because of the fixed fill times 
ter, and the fixed vent times try. The duty cycle refers to 
that portion of the pressure cycle in which the pressure is at 
P. Relatively long dwell times allow all available reac 
tants to generate the desired end products. Based upon the 
empirical equation above, the dwell time t, is selected in 
part based upon the reaction rate, which, is based upon the 
maximum pas pressure P. On the other hand, excessively 
long dwell times to do not provide an additional benefit 
and only extend the cleaning time. Thus, the dwell time 
t is optimized by selecting a duty cycle that optimizes the 
DWELL. 
react1On rate. 

0100. In one embodiment of the invention, the cleaning 
cycle may be optimized by optimizing T separately from 
the dwell time t. More particularly, the dwell time 
t is selected based upon the maximum pressure Pl 
selected. As discussed above, the reaction rate of the cleaning 
gas is based upon the maximum pressure P of the cleaning 
gas. Thus, the dwell time to will Vary depending on the 
maximum pressure P selected. For example, when rela 
tively low maximum gas pressures P are used, longer 
dwell times to may be used. Conversely, shorter dwell 
times to may be used with relative high maximum gas 
pressures P are used. 
0101 The maximum time t may be optimized sepa 

rately. As discussed above, the maximum time t is the sum 
of the dwell time tre+ the fill time t + the Vent time 
ty. As shown in FIG. 17, the fill time t is relatively 
longer than the Vent time ty. The shorter Vent time try 
gets rid of the reaction products relatively quickly from the 
system and thereby allow replacement reactants to quickly 
enter, for example, as illustrated in FIG. 22. 
0102 One embodiment of the invention is illustrated in 
FIGS. 21a-21c. In particular, FIG. 21a illustrates a pressure 
cycle that is responsive to the pumping speed of the roughing 
pump 422, as illustrated in FIG. 21b, and an associated clean 
ing gas flow rate, as illustrated in FIG.21c. As shown in FIGS. 
21a-21c, during the Fill portion of the pressure cycle, the 
cleaning gas pressure increases at a constant rate, for 
example, by way of the control valve 910, as discussed below, 
while the pumping speed of the roughing pump 422 is main 
tained at a constant first level, illustrated in FIG. 21b as a 
relatively low value. During the Fill portion of the pressure 
cycle, the cleaning gas flow is maintained at a first high level. 
for example by way of the control valve 910. Upon reaching 
the maximum pressure level for this embodiment, i.e. dwell 
portion, the pressure is held high during the Dwell period, the 
roughing pump 422 maintains the first pumping speed, and 
the flow rate is reduced to a second level, for example, a 
relatively low level in this instance, for example, by way of 
the control valve 910. Upon initiation of the Vent portion of 
the pressure cycle, the flow rate is maintained constant at the 
second level, low, for example, by way of the control valve 
910, whereas the pumping speed of the roughing pump 422 is 
raised to a second level, high, thereby reducing the cleaning 
gas pressure at a nonlinear rate. By controlling the speed of 
the roughing pump 422 or cleaning gas flow rate and associ 
ated pressure levels, the Fill and Vent times of a pressure cycle 
can be controlled. 
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0103 Various methods can be used to control the pressure 
of the cleaning gas, as discussed above. For example, the 
system illustrated in FIG.3, can be slightly modified to incor 
porate a valve 910 between the reactive gas source 455 and the 
ionization chamber 500. The valve 910 can be used to main 
tain a constant flow rate of the cleaning gas to enable the 
pressure of the cleaning gas to buildup in the ionization cham 
ber 500. Alternatively, the valve 910 can be a variable flow 
control valve to vary the flow rate of the cleaning gas. The 
roughing pump 422 may be used to cycle the pressure of the 
cleaning gas within the semiconductor processing system, for 
example, from 1 to 8 Torr in 50 second increments, for 
example, as illustrated in FIG. 18. More particularly, the 
roughing pump 422 is used to pull down the pressure of the 
cleaning gas at a faster rate than the buildup. Alternatively, the 
roughing pump 422 can be cycled to raise the pressure of the 
cleaning gas from 2.5-5.5 Torr in 10 second increments. 
0104. Alternately, a bypass valve around the high vacuum 
pump 421 can be replaced with a variable flow control valve 
920. The variable flow control valve 920 can be controlled to 
vary the pressure of the cleaning gas. More particularly, the 
roughing pump 422 is used to pull down the pressure of the 
cleaning gas. Thus, during a “fill portion of the pressure 
cycle, the valve 920 may be closed or partially closed to allow 
the pressure of the cleaning gas to build up from Pay to 
P. When the pressure of the cleaning gas reaches P. 
the valve 920 is controlled to regulate the pressure of the 
cleaning gas at P. for the required dwell time t. At 
the expiration of the dwell time to the valve 920 is 
opened to draw down the pressure of the cleaning gas to Pry 
or another pressure lower than P. to allow the reaction 
products to vent completing a pressure cycle. The pressure 
cycle is then repeated until the cleaning process reaches a 
desired endpoint, as discussed above. 
0105. In another embodiment of the invention, the variable 
flow control valve 920 can be replaced with a pair of parallel 
control valves 930 and 940, as illustrated in FIG. 20. In this 
embodiment, one valve 93.0 may include a small restriction 
Such that the roughing pump 422 removes less gas. The sec 
ond valve 940 is configured with a relatively larger opening 
(less restriction) so that the roughing pump 422 can pull down 
the pressure of the cleaning gas quickly. In operation, initially 
one or both of the valves 930 and 940 are controlled to enable 
a controlled buildup of the cleaning gas pressure from a 
minimum pressure P to a maximum pressure P. during 
a “fill portion of the pressure cycle. Once the pressure of the 
cleaning gas reaches the maximum pressure P, the Valves 
930 and 940 are controlled to maintain the pressure of the 
cleaning gas at the maximum pressure P for the desired 
dwell time t. At the expiration of the desired dwell time 
t, the valves 930 and 940 are controlled to pull down the 
pressure of the cleaning gas to P, or other pressure lower 
than P. during a “vent portion of the pressure cycle. 
0106 Other embodiments of creating a pressure cycle of 
the cleaning gas include varying the frequency of the pressure 
change and varying all the above by means of the reactive gas 
inlet flow rate (instead of by means of the pump). The fre 
quency of the pressure change may be varied by varying the 
fill time t, and/or the Vent time t.v. as discussed below. 
0.107 There are various methods to control the fill time 
t, and vent time trievz. These times are a function of one or 
more of the parameters associated with the system, Such as, 
the pressure of the cleaning gas as it leaves the reactive gas 
source 455 and the characteristics of the roughing pump 422. 
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These times will also depend on the use and the characteris 
tics of any valves used in the system, such as the valves 910, 
920,930 and 940. One or more of these parameters may be 
manipulated to control the fill time t, and/or the vent time 
tVENT. 
0108 Obviously many modifications and variations of the 
present invention are possible in light of the above teachings. 
Thus, it is to be understood that, within the scope of the 
appended claims, the invention may be practiced otherwise 
than is specifically described above. 
What is claimed and desired to be secured by a Letters 

Patent of the United States is: 
1. A cleaning system for cleaning a semiconductor process 

ing System comprising: 
a reactive gas generator capable of disassociating a gaseous 

feed compound to provide reactive gas, the generator 
operable when the ion source is de-energized to provide 
a flow of reactive gas into and through said semiconduc 
tor processing system to be cleaned to react with and 
remove the deposits on at least some of the Surfaces of 
the semiconductor processing system; and 
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a control system for varying the pressure of said reactive 
gas during a cleaning cycle. 

2. A cleaning system for cleaning a semiconductor process 
ing System comprising: 

a cleaning gas Supply to provide gas into said semiconduc 
tor processing system to be cleaned to react with and 
remove the deposits on at least some of the Surfaces of 
the processing system; and 

a control system for varying the cleaning gas parameters 
during a cleaning cycle. 

3. A method of cleaning a semiconductor processing sys 
tem comprising the steps of 

Supplying a cleaning gas to the System; 
increasing the flow rate of the cleaning gas Supplied to the 

system during a first time period; 
decreasing the flow rate of the cleaning gas Supplied to the 

system during a Subsequent time period; 
repeating the steps of increasing and then decreasing the 

flow rate of the cleaning gas Supplied to the system. 
c c c c c 


